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ABSTRACT 

Zone-refining  efforts  have  been  directed  toward  enhancing,  the 
control  of  the  zone.  These  efforts  have  included  additional  coil 
designs*  effect  of  atmosphere,  gas  velocities*  and  zone-refining  while 
power  fluctuations  we^  -  at  a  minimum.  Resistivity  ratios  have  been 
determined  on  two  as-received  electron-beam  zone-refined  single  crystals 
of  tungsten.  A  description  of  the  measuring  apparatus  and  the  values 
obtained  are  presented.  A  technique  for  measuring  resistivities  by  an 
eddy-current  method  is  described  briefly. 
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INTRODUCTION 

During  the  period  covered  by  this  report,  most  of  the 
experimental  work  was  devoted  to  the  final  testing  of  the  apparatus  to 
be  used  for  zone-refining  and  to  the  instrumentation  for  and  measure¬ 
ment  of  the  resistivity  of  the  tungsten  specimens  to  be  zone-refined. 

The  zone-refining  apparatus  appears  to  be  quite  satisfactory  to  commence 
the  zone-refining  of  the  electron-beam  zone-refined  tungsten  single 
crystals.  Residual  resistivity  measurements  have  been  made  on  the  as- 
received  tungsten  specimens,  but  poor  results  at  liquid  helium  tempera¬ 
tures  are  requiring  a  closer  look  at  the  technique  presently  employed. 

ZONE. REFINING  EFFORTS 

Several  new  melting  coil  configurations  have  been  tried  because 
of  some  of  the  difficulties  encountered  in  controlling  the  width  of  the 
zone  with  the  coil  presently  in  use  (3-high,  single  turn).  Efforts  have 
been  aimed  at  reducing  the  stable  zone  width.  It  has  already  been 
established  that  single  turn  coils  less  than  3-high  would  not  produce 
a  molten  zone  with  the  power  presently  available.  The  new  coil  designs 
tried  were  (l)  3-turn,  one  high,  and  (2)  2-turn,  two  high.  Neither  of 
these  designs  allowed  us  to  melt  a  zone  in  the  tungsten  even  at  full 
power.  Two  other  designs  which  will  be  tried  are  (l)  3-turn,  two  high, 
and  (2)  4-turn,  one  high.  These  will  cover  all  of  the  designs  possible 
within  the  restrictions  of  our  task  except  for  the  possibility  of  conical 
"levitation"  coils. 

Past  efforts  on  test  bars  zoned  during  ordinary  working  hours 
indicated  that  our  control  was  jeopardized  by  power  fluctuations  both 
within  the  building  and  in  the  line  coming  into  the  building.  In  order 
to  assure  ourselves  that  we  could  control  the  zone  if  there  were  minimum 
fluctuations,  a  test  bar  was  melted  at  night,  starting  at  8:00  P.M.  when 
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there  were  no  other  variable  power  requirements  in  the  building.  This 
proved  successful,  considerably  increasing  our  control  of  the  zone. 

Another  source  of  difficulty  was  the  heavy  condensation  of 
volatile  materials  on  the  inside  surface  of  the  specimen  tube.  The 
condensation  is  quite  opaque,  and  limits  observation  of  the  zone.  Since 
volatilization  is  more  or  less  constant,  it  was  hoped  that  the  condensa¬ 
tion  could  be  displaced  to  a  position  on  the  specimen  tube  whereby  our 
visual  observation  of  the  zone  would  be  enhanced.  This  is  normally 
accomplished,  in  closed  system  zone  refining  operations,  by  having  a 
gas  circulate  through  the  system  by  convection.  A  glass  "down  leg"  is 
provided  (usually  cooled)  to  assist  the  convection  of  heated  gasses  in 
the  melting  tube.  In  passing  over  the  molten  zone,  the  gas  sweeps 
volatilized  materials  to  a  region  above  the  zone.  It  was  felt  that 
perhaps  the  design  of  the  apparatus  as  originally  presented  (see  Figure  1, 
Report  Q-B1973-2)  did  not  permit  the  gas  (purified  argon)  to  flow 
sufficiently  fast  to  sweep  out  the  evaporated  material. 

An  open-tube  system  was  used  to  determine  the  effect  of  increased 
gas  velocity  on  reducing  or  displacing  the  condensation  from  the  region 
around  the  molten  zone.  A  zone  was  formed  in  a  tungsten  rod  and  purified 
argon  passed  through  the  system  at  various  flow  rates  from  0  to  3  cubic 
feet  per  hour.  The  maximum  rate  is  quite  high,  corresponding  to  a  gas 
velocity  of  approximately  50  ft. /min.  Even  at  the  highest  flow  rate 
the  condensation  still  formed  heavily  on  the  specimen  tube  above  the 
zone. 

It  should  be  pointed  out  that  while  these  experiments  were 
done  in  an  attempt  to  reduce  the  condensation  and  enhance  the  visibility 
of  the  zone  and  were  not  successful,  actual  control  of  the  zone  during 
melting  is  accomplished  by  looking  up  at  the  zone  from  below  the  coil, 
since  the  condensate  does  not  form  (at  least  to  the  degree  of  visibility 
impairment)  on  the  glass  below  the  coil. 
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RESISTIVITY  RATIO  MEASUREMENTS 

Low  temperature  resistance  measurements  as  a  means  of  studying 
impurity  distributions  in  zone-refined  ingots  of  metals  have  been  described 
by  Kunzler  and  Wernick"'".  The  advantage  of  this  method  is  that  an 
evaluation  of  the  purity  of  a  sample  can  be  made  without  destroying:  it 
or  its  geometry.  Its  disadvantage  is  that  the  results  are  not  specific 
or  quantitative,  and  only  show  the  total  effect  on  resistivity  of  all 
the  impurities  present,  at  least  as  far  as  electrically  active  impurities 
are  concerned.  However,  at  the  purity  levels  developed  by  zone-refining, 
quantitative  detection  of  individual  impurities  cannot  usually  be 
achieved  by  presently  known  techniques. 

The  circuit  employed  for  the  measurement  of  the  electron-beam 
zone-refined  specimens  is  shown  in  Figure  1.  Tungsten  wire  leads  are 
spot-welded  at  intervals  onto  the  tungsten  rod,  and  the  free  ends  of  the 
tungsten  wire  leads  tinned  with  silver-solder.  Enameled  copper  wires 
are  soft-soldered  onto  the  silver-solder  and  thence  to  the  galvanometer. 
Heavy  copper  wires  carry  the  current  to  binding  posts  on  the  ends  of  the 
specimen  rod.  ’A  specimen  prepared  for  measurement  is  shown  in.  Figure  2. 

The  lower  five  probes  are  welded  to  that  portion  of  the  rod  which  has 
been  electron-beam  zone-refined  and  is  a  single  crystal.  The  upper  two 
probes  are  on  the  polycrystalline  "base  metal"  ends  of  the  rod. 

For  the  actual  measurement  of  the  resistance,  a  direct  current 
is  passed  through  the  specimen  in  one  direction  and  the  voltage  drop 
across  any  pair  of  probes  is  measured  using  a  Rubicon  3-dial  potentiometer 
with  a  sensitivity  of  approximately  0.02  MiV.  The  current  is  supplied  by 
three  2-volt  storage  battery  cells  connected  in  parallel  and  is  determined 
accurately  by  measuring  the  voltage  drop  across  a  0.001  ohm  Leeds  and 
Northrup  standard  resistor.  A  wound  nichrome  loading  resistor  immersed 

"'‘Kunzler,,  J.  E.  and  Wernick,  J.  H.,  Trans.  A3ME,  212.  No.  6,  pp.  856-860 
(1958). 
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in  an  oil  bath  is  used  to  limit  the  current  flowing  in  the  circuit. 

This  resistor  is  replaceable  so  that  the  current  may  be  increased  or 
decreased  as  the  resistance  of  the  specimen  is  increased  or  decreased 
depending  on  the  measurement  temperature.  Leeds  and  Northrup  low  thermal 
EMF  switches,  copper  wiring,  and  draft  shields  were  used,  to  minimize 
extraneous  IMP  contributions  to  the  potential  readings.  These  extraneous 
EMF's  could  not  be  entirely  eliminated,,  but  were  compensated  for  by 
reversing  the  current  direction  and  again  determining  the  voltage  drop 
between  probes.  Since  the  extraneous  EMF's  do  not  change  direction  or 
value  (assuming  all  conditions  remain  the  same,  except  the  impressed 
current)  they  are  effectively  eliminated  by  using  the  average  of  the 
sum  of  the  voltage  drops  between  probes. 

While  this  technique  specifically  measures  resistance  between 
probes,  by  measuring  this  resistance  at  various  temperatures  and  using 
the  ratio  of  the  resistances  at  the  different  temperatures,  we  arrive 
at  a  resistivity  ratio.  This  is-'-t-rue,  however,  if  we  use  the  assumption 
that  the  geometry  of  the  specimen  is  not  changed  (or  to  only  a  negligible 
amount)  by  changes  in  temperature. 

Tables  I  and  II  list  the  data  and  results  of  the  resistance 
measurements  on  two  electron-beam  zone-refined  tungsten  specimens.  In 
both  tables,  probes  6-7  are  on  the  polycrystalline  ends  of  the  sample 
and  all  other  probes  are  on  the  single  crystal  portion.  It  is  noted 
in  Table  I  at  liquid  helium  temperatures  that  some  of  the  measured 
voltages  have  a  minus  sign.  This  indicates  that  the  voltage  drop  across 
those  pairs  of  probes  is  opposite  to  the  applied  voltage.  The  resistivity 
ratios  involving  those  particular  probe  pairs  are  quite  high  (approximately 
10,000  or  higher)  indicating  that  the  electron  beam  refined  material  is 
already  quite  pure  and  should  be  an  excellent  starting  material  for  the 
induction  zone  refining  efforts.  When  no  current  was  passed  through  the 
sample  these  same  probes  indicated  a  potential.  This  potential  is 
apparently  due  to  a  small,  but  significant,  Seebeck  effect  caused  by 
compositional  differences  in  the  probe  circuits. 
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Table  I 

RESISTANCE  AND  RESISTIVITY  RATIO  MEASUREMENTS  ON  SAMPLE  W-l 


Specimen  _ Pairs  of  Probes 


Temperature.  °K 

1-2 

2=1 

2=4 

4=2 

647 

295  Voltage,  pV,  .  Forward. 

(Room  Temperature)  Current,  amps 
Resistance,,  .pfi 

61.95 

1.013 

61.16 

62.12 

1.013 

61.32 

57.45 

1.013 

56.71 

45.50 

1.013 

44.92 

44.49 

1.013 

43.92 

Voltage,  pV,  Reverse 
Current,  amps 
Resistance,  pQ 

62.04 

1.013 

61.24 

62.62 

1.013 

61.82 

57.82 

1.013 

57.08 

45.14 

1.013 

44.56 

44.47 

1.013 

43.90 

Average  Resistance,  pH 

61.20 

61.57 

56.90 

44.74 

43.91 

77 

(Liquid  Nitrogen) 

Voltage,  pV,  Forward 
Current,  amps 
Resistance,  pfi 

34.34 

5.379 

6.38 

33.74 

5.374 

6.28 

31.25 

5.374 

5*82 

25.00 

5.374 

4.65 

26.64 

5.372 

4.96 

Voltage,  pV,  Reverse 
Current,  Amps 
Resistance,  pfi 

34.08 

5.369 

6.35 

33.84 

5.369 

6.30 

31.40 

5.366 

5.85 

24.57 

5.366 

4.58 

26.67 

5.366 

4.97 

Average  Resistance,  pfi 

6.37 

6.29 

5.83 

4.62 

4-97 

4-2 

(Liquid  Helium) 

Voltage,  pV,.  Forward 
Current,  amps 

Resistance,  pfi 

1.02 

13,179 

.077 

-.05 

13.153 

.004 

,17 

13.075 

.013 

.18 

13.139 

.014 

4.96 

13.038 

.380 

Voltage,  pV,  Reverse 
Current,  amps 

Resistance,  pfi 

•0 

12.967 

0 

.08 

12.956 

.006 

-.08 

12.936 

.006 

.67 

12.993 

.052 

4.67 
13.030 
•  358 

Average  Resistance,  pfi 

.039 

.001 

.003 

.033 

.369 

Resistivity  Ratio 

p295°K:p77°K 

9.61 

9.79 

9.75 

9.69 

8.84 

Resistivity  Ratio' 

P295°K:p4.2°K 

1581 

61,570 

18,967 

1368 

119 
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Table  II 


RESISTANCE  AND  RESISTIVITY  RATIO  MEASUREMENTS  ON  SAMPLE  W-2 


Specimen 

Pairs 

of  Probes 

Tenroerature.  °K 

1-2  _ 

2=1 

2=4 

4=2 

6=Z 

300 

(Room  Temperature 

Voltage*  mV,  Forward 
)  Current ,  amps 
Resistance, 

65.35 
1.048 

62.36 

60.02 

1.048 

57.27 

62.34 

1.048 

59.48 

62.81 

1.048 

59.93 

49.78 

1.048 

47.50 

Voltage,  mV,  Reverse 
Current,  amps 
Resistance,  m^ 

65.07 

1.048 

62.09 

60.07 

1.048 

57.32 

62.66 

1.048 

59.79 

62.54 

1.048 

59.68 

49.78 

1.048 

47.50 

Average  Resistance, 

62.22 

57.29 

59.63 

59.80 

47.50 

77 

(Liquid-  Nitrogen) 

Voltage,  mV,  Forward 
Current,  amps 
Resistance,  -nfl 

34.99 

5.280 

6.63 

31.74 

5.283 

6.01 

33.03 

5.286 

6.25 

33.42 

5.286 

6.32 

30.94 

5.290 

5.85 

Voltage,  mV,  Reverse 
Current,  amps 
Resistance, 

34.88 

5.2  83 

6. 60 

32.03 

5.283 

6.06 

33.37 

5.283 

6.32 

33.15 

5.283 

6.27 

30.90 

5.283 

5.86 

Average  Resistance,  |ifi 

6. 6l 

6.03 

6.28 

6.29 

5.85 

4.2 

(Liquid  Helium) 

Voltage,  mV,  Forward 
Current,  amps 

Resistance,  m>^ 

.17 

14.976 

.0114 

Probes 

Broke 

8.71 

14.990 

.581 

Voltage,  mV,  Reverse 
Current,  amps 
Resistance, 

.13 

14-852 

.00875 

Probes 

Broke 

9.19 

14.870 

.618 

Average  Resistance, 

.0101 

.602 

Resistivity  Ratio 
Resistivity  Ratio 

P300°K:p77°K 

p300°K:p4.2°K 

9.41 

6160 

9. 50 

9.50 

9.51 

8.12 

79 
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The  significance  of  these  very  small  error  voltages  is  appreciable 
when  it  is  realized  that  at  such  a  low  temperature  (4.2°K)  the  resistance 
of  the  zone-refined  specimen  is  so  low  that  the  voltage  drop  between 
probes  is  near,  and  perhaps  below,  the  sensitivity  of  our  measuring 
circuit.  This  difficulty  could  be  overcome  by  increasing  the  current 
through  the  specimen.  However,  the  problem  then  arises  of  the  effect  of 
the  increased  Joule  heating  of  the  specimen.  Another  possibility  is  to 
increase  the  spacing  between  probes.  This  would,  however,  create  an 
additional  discrepancy  since  the  resistivity  of  the  zone-refined  length 
varies  with  length  and  we  would  be  measuring  an  averaged  resistance  over 
the  measured  length. 

To  overcame  the  difficulties  described  for  measurements  at 

4.2°K  we  are  looking,  into  the  possibility  of  another  and  more  advantageous 

2 '  ' 

technique.  This  technique,  called  the  "eddy-current  method  ,  involves 
measuring  the  rate  of  decay  of  flux  from  a  bar  in  an  external  magnetic 
field  that  has  been  rapidly  reduced  to  zero.  The  sample  rod  is  wound 
locally  with  a  small  secondary  (pickup)  coil  and  the  whole  inserted  in 
a  larger  magnetizing  solenoid.  A  step  function  of  current  is  applied 
through  the  magnetizing  coil,  and  the  resulting  voltage  across  the  pickup 
coil  is  noted  as  a  function  of  time.  This  voltage  is  caused  by  the  penetration 
of  flux  into  the  rod.  If  now  the  external  field  is  suddenly  interrupted, 
the  flux  emerging  from  the  rod  will  reduce  to  zero.  This  flux  reduction 
is  due  to  the  decay  of  the  eddy  currents  induced  in  the  rod  by  the 
external  field.  The  rate  of  decay  of  the  eddy  currents  is  in  turn  a 
function  of  the  resistivity  of  the  material  through  which  the  eddy  currents 
are  moving.  The  exact  derivation  of  the  relationships  involved  are 
presented  quite  amply  in  the  cited  reference.  This  measuring  technique 
is  theoretically  capable  of  measuring  residual  resistivity  ratios  as  high 
as  100,000.  Another  advantage  of  the  technique  as  applied  to  our  particular 
problem  is  that  no  connections  need  be  made  to  the  sample,  thus  eliminating 
the  extraneous  EMF's  previously  described.  The  apparatus  required  for 
these  measurements  is  on-hand,,  having  been  built  for  similar  measurements 

2Bean,  C.  P.,  DeBlois,  R.  W.,  and  Nesbitt,  L.  B.,  J.  Appl.  Physics.,  £0, 

No.  1,  1976-1980  (1959). 
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on  zone-refined  beryllium.  (Dne  sample  of  the  electron-beam  zone-refined 
tungsten  was  measured  by  this  technique  at  room,  temperature  and  the 
resistivity  agreed  within  of  the  value  obtained  by  the  voltage-drop 
method.  The  difference  is  really  insignificant  since  it  is  the  ratio  of 
resistivities  which  is  the  desired  parameter.  We  are  now  attempting  to 
utilize  this  equipment  for  our-  measurements  at  the  low  temperatures. 


FUTURE  WORK 


We  have  already  indicated  in  the  section  on  our  zone  refining 
efforts  that  we  have  two  other  coil  designs  to  test.  These  will  be  a 
3-turn,  two  high  coil  and  a  4-turn,  one  high  coil.  We  will  then  be  ready 
to  go  ahead  with  the  zone-refining  of  the  electron-beam  zone  refined 
single  crystals. 


The  eddy-current  method  of  determining  resistivity  ratios  will 
continue  to  be  developed  in  an  effort  to  apply  it  to  our  particular  pro¬ 
blem  of  measuring  extremely  low  resistivities  at  low  temperatures. 


As  the  initial  phase  of  our  mechanical  testing  program,  a 
section  will  be  cut  out  of  one  of  our  as-purchased  tungsten  single  crystals 
and  tested  in  tension.  This  is  necessary  so  that  we  may  fairly  evaluate 
the  results  of  our  purification  efforts.  We  do  feel,  however,  that  since 
both  of  the  crystals  on-hand  have  essentially  the  same  thermal  history, 
the  testing  of  one  of  the  crystals  will  provide  a  satisfactory  evaluation 
of  our  starting  stock. 

Marvin  Herman,  Manager 
Metallurgical  Laboratory 


Approved  by 


H.  G.  F.  Wilsdorf 
Technical  Director 
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Arlington  12,  Virginia 
Attn:  TIPCR  (10) 

Defense  Metals  Information  Center 
Battelle  Memorial  Institute 
Columbus,  Ohio 

Solid  Propellant  Information  Agency 
Applied  Physics  Laboratory 
The  Johns  Hopkins  Univeristy 
Silver  Spring,  Maryland  (3) 


Commanding  Officer 

Army  Research  Office 

Office  Chief  Research  &  Development 

30l+3  Columbia  Pike 

Arlington,  Virginia 

Attn:  Physical  Sciences  Div.  (2) 

Commanding  General 
U.S.  Army  Materiel  Command 
Detachment  I.  Room  2302,  Bldg.  T-7 
Washington  23,  D.C. 

Attn:  AMCRD-RS-CM 

Commanding  General 

U.S.  Army  Electronics  Command 

Fort  Monmouth,  N.J. 

Attn:  Mr.  H,  H.  Kedesky 

Commanding  General 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Alabama 
Attn:  Documentation  &  Technical 
Information  Branch  (2) 

Attn:  Mr.  R.  Fink,  AMSMI-RKX 
Attn:  Mr.  E.  J.  Wneelahan,  AMSMI-RSM 

Attn:  Mr.  R.  E.  Ely 

Attn:  Mr.  T.  N.  L.  Pughe 

Attn:  Mr.  E.  Fohrell 

Commanding  General 
U.S.  Army  Weapons  Command 
Rock  Island,  Illinois 
Attn:  Mr,  B.  Gerke 

■  Commanding  General 
U.S.  Army  Mobility  Command 
U.S.  Army  Tank -Automotive  Center 
Detroit  9,  Michigan 
Attn:  Mr.  S.  Sobak 

Commanding  General 

U.S.  Army  Munitions  Command 

Dover,  New  Jersey 


a 


THE  FRANKLIN  INSTITUTE  •  Laboratories  for  Research  and  Development 


Q-B1973-3 


Distribution  List  (Cont.) 


Commanding  Officer 
Harry  Diamond  Laboratory 
Washington  23,  D.C. 

Attn:  Technical  Library  (1|) 


Commanding  Officer 
U.S.  Army  Weapons  Command 
Watervliet  Arsenal 
Watervliet,  New  York 
Attn.:  Mr.  F,  Dashnaw 


Commanding  Officer 
U.S.  Army  Chemical  &  Coating  Lab, 
Aberdeen  Proving  Ground,  Maryland 
Attn:  Dr.  C.  Pickett 

Commanding  Officer 

U.S.  Army  Materials  Research  Agency 

Watertown  Arsenal 

Watertown  72,  Mass. 

Attn:  OPT 
Attn:  PS  &  CC  (3) 


Director 

PLASTEC 

Picatinny  Arsenal 
Dover,  New  Jersey 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Room  2223,  Munitions  Building 
Washington  23,  D.C. 

Attn:  HMMP 


Commanding  Officer 

U.S.  Army  Munitions  Command 

Frankford  Arsenal. 

Philadelphia  37,  Pa. 

Attn:  Dr.  H.  Gisser,  SMUFA-1330 

Attn:  Mr.  H.  Markus,  SMUFA-1320 

Attn:  Mr.  E.  Roffman,  SMUFA-17ijO 

Commanding  Officer 
U.S.  Army  Munitions  Command 
Picatinny  Arsenal 
Dover,  New  Jersey 
Attn:  Mr.  J.  Matlack,  Plastics  & 
Packaging  Lab,.  (3) 

Attn:  Mr.  D.  Stein 

Commanding  Officer 
U.S.  Army  Weapons  Command 
Rock  Island  Arsenal 
Rock  Island,  Illinois 
Attn :  Laboratory 

Commanding  Officer 
U.S.  Army  Weapons  Command 
Springfield  Armory 
Springfield  1,  Mass. 

Attn:  Research  Materials  Lab. 


Department  of  the  Navy 
Office  of  Naval  Research 
Washington  23,  D.C. 

Attn:  Code  L2 3 

Department  of  the  Navy 
Special  Projects  Office 
Washington  23,  D.C. 

Attn:  3P  271 

Commander 

U.S.  Naval  Ordnance  Laboratory 
White1  Oak,  Silver  Spring,  Maryland 
Attn:  Code  WM 

Commander 

U.S.  Naval  Ordnance  Test  Station 

China  Lake,  California 

Attn:  Technical  Library  Branch 

Commander 

U.S.  Naval  Research  Laboratory 
Anacostia  Station 
Washington  23,  D.C. 

Attn:  Mr.  J.  E.  Srawley 
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U.S.  Air  Force  Directorate  of 
Research  &  Development 
Room  lfD-313,  The  Pentagon 
Washington  2 5,  D.G. 

Attn:  Lt.  Col.  J.B.  Shipp,  Jr. 

Wright  Air  Development  Division 
Wright-Patterson  Air  Force  Base,  Ohio 
Attn:  H.  Zoeller,  ASRCEE-1-2  (2) 

Attn:  R.  F.  Klinger,  ASRCEM-1  (2) 

65 93  Test  Group  (Development) 

Edwards  Air  Force  Base,  California 
Attn:.  Solid  Systems  Division,  DGSC 

AMC  Aeronautical  Systems  Center 
Wright-Patterson  Air  Force  Base,  Ohio 
Attn:  Manufacturing  &  Materials 
Technology  Div.,  LMBMO  (2) 

U.S.  Atomic  Energy  Commission 
Office  of  Technical  Info.  Extension 
P.0.  Box  62 
Oak  Ridge,  Tennessee 

National  Aeronautics  &  Space  Admin. 
Washington,  D.G. 

Attn:  Mr.  B.  G.  Achhammer 

Attn:  Mr.  G.  C.  Deutsch 

Attn:  Mr.  R.  V.  Rhode 

George  C.  Marshall  Space  Flight  Center 
Huntsville,  Alabama 
Attn:  Dr.  W.  Lucas,  M-S&M-M 
Attn:  Mr,1  W.  A.  Wilson,  M-ME-M 

Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
I48OO  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Dr.  L.  Jaffe 


Aerojet-General  Corporation 
Post  Office  Box  1168 
Sacramento,  California 
Attn:  Librarian' 

Aero jet -General  Corporation 
Post  Office  Box  I9I4.7 
Sacramento,  California 
Attn:  Mr.  C.  A.  Fournier 

Aero jet -General  Corporation 
Azusa,  California 
Attn:  Librarian 

Allison  Division 
General  Motors  Corporation 
Indianapolis  6,  Indiana 
Attn:  Mr.  D.  K.  Hanink 

ARDE-Portland,  Inc . 

100  Century  Road 
Paramus,  N.J. 

Attn:  Mr.  R.  Alper 

Atlantic  Research  Corporation 
Shirley  Highway  and  Edsall  Road 
Alexandria,  Virginia 
Attn:  Mr.  E.  A.  Olcott 

Boeing  Company 
Aerospace  Division 
Post  Office  Box  3707 
Seattle  2k,  Washington 
Attn:  Mr.  R.R.  Barber,  Library 
Unit  Chief 

Curtiss -Wright  Corporation 
Wright  Aeronautical  Division 
Wood-Ridge,  N.J. 

Attn:  Mr.  A.M.  Kettle,  Technical 
Library 
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Hercules  Povjder  Company 
Allegheny  Ballistics  Laboratory 
Post  Office  Box  210 
Cumberland,  Maryland 
Attn:  Dr.  R.  Steinberger 

Hughes  Aircraft  Company 
Culver  City,  California 
Attn :  Librarian 

Narmco  Research  &  Development 
35^0  Aero  Court 
San  Diego  23,  California 
Attn:  Technical  Library 

Rohm  &  Haas  Company 
Redstone  Arsenal  Division 
Redstone  Arsenal,  Alabama 
Attn :  Library 

Tapco  Group 
23555  Euclid  Avenue 
Cleveland  17,  Ohio 
Attn:  Mr.  W.  j.  Piper 

Thiokol  Chemical  Corp, 

Redstone  Division. 

Redstone  Arsenal,  Alabama 
Attn :  Library 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  25,  D.C. 

Attn:  RRMA-22 

Wright  Air  Development  Division 
Wright-Patterson  Air  Force  Base,  Ohio 
Attn:  WWRCNC-2 

Aeronautical  Systems  Division 
Wright-Patterson  Air  Force  Base,  Ohio 
Attn:  Mr.  S.  A.  Mersol,  ASRCMC 


List  (Cont.) 

Armour  Research.  Foundation 
10  West  55th  Street 
Chicago  16,  Illinois 
Attn:  Dr.  N.  Parrikh 

AVCO  Manufacturing  Corporation 
Research  and  Advanced  Dev.  Div. 

201  Lowell  Street 
Wilmington,  Massachusetts 

Beryllium  Corporation 
Reading,  Pennsylvania 
Attn:  Mr.  W.  H.  Santschi 

Carborundum  Company 
Research  and  Development  Division 
Niagara  Falls,  New  York 
Attn:  Mr.  C.  E.  Schulze 

Clevite  Corporation 
Mechanical  Research  Division 
5U0  East  105th  Street 
Cleveland  8,  Ohio 
Attn:  Mr.  G.  Davis 

DATAC,  Research  Library  A-52 
The  Martin  Co. 

Post  Office  Box  179 
Denver  1,  Colorado 

Fansteel  Metallurgical  Corporation 
North  Chicago,  Illinois 
Attn:  Mr.  A.  B.  Michael 

General  Electric  Company 
ANP  Department 
Research  Information 
Cincinnati,  Ohio 
Attn:  H.,  E.  Sauter 

General  Electric  Company 
FPL  Technical  Information  Center 
Post  Office  Box  196 
Cincinnati  15,  Ohio 
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General  Telephone  &  Electronics 
Laboratories,  Inc. 

Bayside  60,  New  York 
Attn:  Mr.  C.  Wurms 


United  Nuclear  Dev.  Gorp.  of  America 
5  New  Street 
White  Plains,  N.Y. 

Attn:  Dr.  Oppenheimer 


High  Temperature  Materials,  Inc. 
Technical  Library- 
31  Antwerp  Street 
Brighton,  Mass. 

A.  D.  Little,  Inc. 

Acorn  Park 
Cambridge  ijO,  Mass. 

Attn:  Dr.  R.  Francis 

National  Carbon  Company 
Division  of  Union  Carbide  Corp. 
Post  Office  Box  6ll6 
Cleveland  1,  Ohio 
Attn:  Library 

National  Research  Corporation 
70  Memorial  Drive 
Cambridge  h2,  Mass. 

Attn:  Mr.  M.  Torti 


Value  Engineering  Company 
Alexandria,  Virginia 
Attn:  Mr.  J,  Huminik 

Westinghouse  Electric  CopDration 
Materials  Manufacturing  Department 
Blairsville,  Pennsylvania 
Attn:  Mr.  James  McClure 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Ceramics  Branch 

Atlanta,  Georgia 

Attn:  Mr.  J.  B.,  Walton,  Jr. 

Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 
Attn-:  Dr.  J.  Wulff 


Raytheon  Manufacturing  Company 
Research  Division 
Waltham  5>U,  Mass. 

Attn:  Miss  E.  Weeks,  Librarian 

Solar  Aircraft  Company 
San  Diego  12,  California 
Attn:  Mr.  N.  B.  Eisner 


Stauffer  Chemical  Co. 

1201  South  1:7th  Street 
Richmond  U,  California 
Attn:  Mr.  J.  M.  Fitzpatrick 

United  Aircraft  Corporation 
The  Library 
1|00  Main  Street 
East  Hartford  8,  Connecticut 
Attn:  M.  Lubin  Thoren  Kress 
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